Thelechitonia trilobata is regarded as a troublesome weed that grows to form a dense blanket over the soil preventing the growth of other crops in farmland. Although the plant is regarded as a notorious, invasive plant, its chemical composition and biological potential have not been reported. The essential oil was isolated from the fresh leaves of T. trilobata using hydrodistillation. α-Pinene (21.6%), α-phellendrene (21.0%), limonene (12.8%) and germacrene D (7.5%) were the major constituents of the oil. The essential oil was screened against agricultural pests. The anti-tick properties were tested on Ripicephalus e. ervertsi found on sheep, while repellency, fumigation, and contact toxicity tests were carried out with maize weevils. Except for the contact toxicity test, all other bioassays gave positive results.
Weeds are classified as plants that are considered by the user to be a nuisance, which interfere with the management objectives for a given area of land at a given point in time. The word weed can therefore be said to be unwanted plants in human-made settings such as garden, farmland or uncultivated land space [1, 2] .
Thelechitonia trilobata (L.) H. Rob. & Cuatrec. {synonyms Complaya trilobata (L.) Strother; Silphium trilobatum L.; Wedelia trilobata (L.) Hitchc} is a member of the Asteraceae family and considered to be a very noxious weed. It is native not only to Southern Africa but Central America as well. This plant resembles a daisy, which is why its common name is the Singapore Daisy [3, 4] . T. trilobata is a creeping, mat-forming, perennial plant. The leaves are about 4-9 cm long and 2-5 cm wide. Flowers are yellow in color with 8-13 rays per head [3] [4] [5] [6] [7] [8] [9] [10] . It is considered one of the World's one-hundred most alien invasive species, and causes huge problems to the surrounding vegetative life, as well as to farmers. It can, therefore, be said to be a threat to the South African economy and environment. However, this plant is being overlooked as just a noxious weed without investigating its biological potential. Scientific research was therefore imperative to find end usage for this invading weedy plant, and this stimulated our interest in investigating its essential oil composition and biological potential. To the best of our knowledge, there is no previous report on the chemical composition and biological activities of the essential oils of T. trilobata. This paper is, therefore, reporting for the first time the fresh leaf volatile oil composition, its antitick property on sheep, and fumigative toxicity, contact toxicity and repellency properties against maize weevils.
Hydrodistillation of the leaves of T. trilobata gave a colorless oil with an aromatic pungent smell (yield 0.12%, w/w). Thirty-seven compounds were identified in the oil mixture accounting for 91.9% of the total oil composition. Analysis of the oil revealed a dominance of monoterpenes (65.8%), of which ɑ-pinene, ɑ-phellandrene, p-cymene, and limonene were the major components ( was 21.1% of which ß-caryophyllene, ɑ-humulene, germacrene D and bicyclogermacrene were the dominant ones. Fatty acids formed 5.7% of the oil.
The essential oil of T. trilobata was effective in killing Ripicephalus e. ervertsi (ticks) found at the anus, udder and tail parts of sheep within one hour at concentrations of both 5 mg/mL and 10 mg/mL ( Table 2 ). The ticks at these parts were nymphs, while those found at the lower part of the stomach toward the rear leg were adults. This means that the oil extract is more effective on the nymphs than the grown adult tick. This is noteworthy as Triatix 125, a synthetic insecticide (also used as control), was only active after 48 hours. The repellency was best at 0.47 µL/cm 2 (15 µL) of the oil (Table 3 ). Neither lower nor higher concentrations were effective. Furthermore, it was observed that after 20 hours the number of insects in the treated zone increased, thereby reducing the percentage repellency. It can, therefore, be concluded that the oil is most effective at 15 μL/mL within the first 20 hours as a weevil repellant.
The result of the fumigative toxicity test is presented in Table 4 . The oil extract was most effective after 4 days at low concentrations and effective on the first day at higher concentrations. This result is very promising as the oil can be used as a fumigant against maize weevils during storage. The contact toxicity was very poor and hence not reported here.
Experimental
Plant material and isolation of essential oil: Fresh leaves of Thelechitonia trilobata (L.) H. Rob. & Cuatrec. were collected from around the Agricultural farm of the University of Zululand in the northern part of Kwa-Zulu Natal Province, South Africa and a voucher specimen (JPKN 1) was deposited in the herbarium at the University of Zululand. The leaves (500 g) were subjected to hydrodistillation using a Clevenger-type apparatus [11, 12] . The essential oil was collected 4 h after boiling, weighed and kept at 4 o C till used for bioassays. Thelechitonia trilobata essential oil Natural Product Communications Vol. 6 (12) 2011 1947
GCMS analysis of the essential oil:
The essential oil of T. trilobata was analyzed by GC-MS using an Agilent 6890 GC with Agilent 5973 mass selective detector [MSD, operated in the EI mode (electron energy = 70 eV), scan range = 45-400 amu, and scan rate = 3.99 scans/sec], and an Agilent ChemStation data system. The GC column was a HP-5ms fused silica capillary with a (5% phenyl)polymethylsiloxane stationary phase, film thickness of 0.25 μm, a length of 30 m, and an internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of 48.7 kPa and a flow rate of 1.0 mL/min. Injector temperature was 200°C and detector temperature 280°C. The GC oven temperature program was used as follows: 40°C initial temperature, held for 10 min; increased at 3°C/min to 200°C; and increased at 2°/min to 220°C. A 1%, w/v, solution of the sample in CH 2 Cl 2 was prepared and 1 μL was injected using a splitless injection technique.
Identification of the oil components was based on their retention indices determined by reference to a homologous series of n-alkanes (C 8 -C 30 ), and by comparison of their mass spectral fragmentation patterns with those reported in the literature [13] [14] [15] and stored on the MS library [NIST database (G1036A, revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.080)]. The percentages of each component are reported as raw percentages based on total ion current without standardization.
Parasite identification and bioassay:
The anti-tick bioassay was carried out on a pool of sheep at the University of Zululand's Dairy Unit. The ticks were identified as adult and nymph types of Ripicephalus e. ervertsi by Holeise Heyne of the Parasitology Department, Veterinary Institute, Agricultural Research Council, South Africa. Sheep were caught, identified, and searched for ticks, ears and genital/anal areas being the most popular areas of attachment. Attached ticks in these particular areas were counted and recorded. Essential oil (5 mg/mL and 10 mg/mL) in a 1 mL mixture of water, Tween-20 (Polysorbate 20) and n-hexane for an even consistency of oil were prepared. Two drops of each concentration were applied to the area of tick attachment. Triatix 125, a synthetic insecticide, was used as control. The ticks were observed each day to note if any fell off the sheep. This experiment was conducted over a period of 3 days using 3 sheep with similar Ripicephalus e. ervertsi (ticks) attachment. Average results were recorded.
Rearing of test insects:
Adults of Sitophilus zeamais were obtained from a colony maintained by the Plant Protection Research Institute, Pretoria, South Africa. These were mass reared on whole maize grains in 5 L glass jars in a controlled chamber, at 28 ± 2 o C and 56-65% RH in the Department of Chemistry, University of Zululand. Newly emerged, one-week-old insects were used in the bioassay [16] . 21-24 maize weevils were used for the study.
Repellency assay of the essential oil:
The repellent effect of T. trilobata essential oil against S. zeamais was studied using a modified area preference method [17] . The test area consisted of a 9 cm Whatman No.1 filter paper cut into 2 halves. Different oil concentrations were prepared by diluting 2, 4, 8, 10 and 40 µL of the oil in 1 mL n-hexane and these corresponded to concentrations of 0.314, 0.472, 0.94 and 1.26 µL of oil/cm 2 of the filter paper, respectively. The other half was treated with 0.5 mL n-hexane alone and this served as a control. Both essential oil treated and n-hexane treated filter paper halves were air dried for 10 min to evaporate the solvent. With the aid of a clear adhesive tape, both halves were later joined together into full discs and placed in 9 cm glass Petri dishes. Twenty one-week old, unsexed adult insects were released at the centre of the rejoined filter paper disc and the Petri dish was covered. Each treatment was replicated 4 times for both S. zeamais. The number of insects present on the control (Nc) and treated (Nt) areas of the filter paper were recorded for 1, 2, 3, 4, 20, 24 and 48 h. 24 insects were used. Percentage repellency (PR) was calculated as follows:
The weevils were exposed to a filter paper with half the filter paper being oil and the other half being acetone (control) and they were observed to see whether the concentrated oil repelled them. Concentration was calculated by dividing the oil quantity (µL) by the surface area of half the filter paper (31.81 cm²) [17] .
Fumigant assay of the essential oil:
The fumigation chambers consisted of 500 mL glass jars with screw-on lids. For the bioassay, solutions of 0, 4, 8, 16, 32 and 40 µL of the oil were each diluted with 1 mL n-hexane to correspond to concentrations of 0 (control), 4, 8, 16, 32 and 40 µL/mL One mL of each concentration was then separately applied to 7 mm discs of Whatman No.1 filter paper, air-dried for 10 min and placed at the bottom of the jars. Twenty one-week old adult insects were placed on muslin cloths 21  29 mm each with 40 g whole maize grains. The cloths were tied closed with rubber bands and hung at the centre of the jars, which were then sealed with air-tight lids. There were 4 replicates for each concentration. Fumigation was carried out for 24 h, after which the insects were transferred from the fumigation chambers onto clean maize, and mortality was checked for a further 12 days [17] .
Contact toxicity of the essential oil:
The contact effect of the essential oil of T. trilobata on the adults of S. zeamais was investigated [16, 17] . Maize grains were treated with concentrations of 0, 25, 50, 100, 200 and 300 µL of essential oil in 1 mL n-hexane. The different concentrations of the oil were mixed with 40 g of maize grain respectively. These were thoroughly stirred to allow for homogeneity of the oil on the treated grains. Treated samples were air dried for 1 h in order to remove the solvent. The grains were thereafter infested with 21-week old S. zeamais adults per jar and each jar was covered with a cotton mesh held in place by cover rims. There were 4 replicates per treatment. Dead insects in the jar were counted daily for 6 days.
